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FULL-FUNCTION HOLOGRAPHIC
ANTENNA AND METHOD FOR
FABRICATING SAME

FIELD

The subject matter herein generally relates to antennas.

BACKGROUND

A holographic antenna generates an interference field by
radiating waves from feed antennas and target antennas, and
records the interference field intensities on a substrate using,
a holographic structure to create a hologram pattern. Surface
waves can be emitted via the feed antenna to excite the
hologram pattern and reconstruct the waves from the target
antenna.

A holographic structure generally refers to a metal strip
similar 1n structure to the interference field. The holographic
structure can only record the portions of the interference
fiecld with mimimum 1ntensities, that 1s, the holographic
structure only records strips which are generating when a
phase of the radiation waves from the source antenna 1s
exactly one half of a wavelength before or after the phase of
the waves from the target antenna. Other portions of the
interference field are not recorded by the holographic struc-
ture. Therefore, the iterference field recorded by the holo-
graphic structure does not retlect the actual interference field
and may have phase errors which distort the reconstructed
wavetorm. Performance of such holographic antenna 1s thus
reduced.

Theretfore, there 1s room for improvement.

BRIEF DESCRIPTION OF THE DRAWINGS

Implementations of the present technology will now be
described, by way of embodiments, with reference to the
attached figures.

FIG. 1 1s a schematic view of a holographic antenna

according to an embodiment of the present disclosure.

FIG. 2 1s an 1sometric view of a feed antenna of the
holographic antenna of FIG. 1.

FIG. 3A to FIG. 3F show steps for fabricating the holo-
graphic antenna of FIG. 1 according to an embodiment of
the present disclosure.

FIG. 4 1s a cross-sectional view along line IV-1V of FIG.
3D

FIG. 5 15 a cross-sectional view along line V-V of FIG. 3F.

DETAILED DESCRIPTION

The present disclosure 1s made i conjunction with the
accompanying drawings. Specific embodiments of the pres-
ent disclosure are described.

In the {following description, when an element 1s
described as being “fixed to” another element, the element
can be fixed to another element with or without intermediate
clements. When an element 1s described as “connecting”
another element, the element can be connected to the other
clement with or without intermediate elements. The terms
“vertical”, “horizontal” and similar expressions used herein
are for illustrative purposes only.

Without a given definition otherwise, all terms used have
the same meaning as commonly understood by those skilled
in the art.
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1. Technical Principle

Two waves interfering with each other can produce a
hologram pattern and one of the waves can be reproduced
when the hologram pattern 1s 1rradiated by another wave. In
applications, the two waves can correspond to respective
fields of a feed antenna and a target antenna. A holographic
structure corresponding to the hologram pattern 1s provided.
When the radiation of the feed antenna 1rradiates the holo-

graphic structure, the radiation field of the target antenna 1s
reproduced. An antenna composed of such a feed antenna

and such a holographic structure 1s a holographic antenna.
The feed antenna 1s a source of excitation of the holo-

graphic antenna. The feed antenna must uniformly 1rradiate
the holographic structure 1n an E plane (the E plane being
parallel to the direction of the electric field), and provide
narrow beams 1n an H plane (the H plane being parallel to
the direction of the magnetic field).

The holographic structure 1s a diffuser for the holographic

antenna. The holographic structure must be able to simulate
the interference field of the fields radiated by the feed
antenna and the target antenna. In the microwave band, the

interference field can only be recorded discretely, that is,
point by point.

To better simulate the interference field of the waves
radiated by the feed antenna and the target antenna, the
present disclosure records intensities of interference strips
using grayscale values of 0~2355, and then establishes a
holographic structure conforming to the actual interference
field. For example, the lowest intensity of interference (i.e.,
the grayscale value 1s 0) 1s set as the highest point of the
holographic structure, and the strongest intensity of inter-
ference (1.¢., the grayscale value 1s 233) 1s set as the lowest
point of the holographic structure. The grayscale values
between 0 and 2355 correspond to points of the holographic
structure having heights between the highest point and the
lowest point. An 1deal shape of the holographic structure 1s
produced according to the recorded grayscale values,
thereby reducing the phase errors and improving the antenna
signal quality.

2. Technical Solutions

Retferring to FIG. 1, a holographic antenna 100 1s con-
figured to record an interference pattern (not shown) and
reconstruct wavetorms of a target antenna (not shown). The
holographic antenna 100 includes a feed antenna 11 and a
holographic structure 13. The holographic structure 13
includes a substrate 131 and a plurality of spaced metal
strips 133 disposed on the substrate 131. The metal strips
133 are distributed on the substrate 131 according to an
interference mtensity distribution of the interference pattern
and heights of portions of each of the metal strips 133 are
negatively correlated with interference intensities T of the
interference pattern. Portions of a metal strip 133 at a height
H1 (see FIG. §) are located on the substrate 131 correspond-
ing to the mimimum intensity value T1 of the interference
pattern, and portions of the metal strip 133 at a height H2 are
located on the substrate 131 corresponding to the maximum
intensity value 12 of the interference pattern. The remaining
portions of the metal strip 133 at a height H less than H1 but
larger than H2 are located on the substrate 131 correspond-
ing to the mtensity values T of the interference pattern larger
than T'1 but less than T2. In the embodiment, the interference
intensities T, T1, and T2 and heights H, H1, and H2 of each
of the metal strips 133 satisty the functions O=H2=<H=<H1
and H=Tx(1T2-T1)/(H1-H2).

In the embodiment, the holographic structure 13 1s square
shaped, and the feed antenna 11 1s disposed near an apex
131a of the substrate 131. Each of the metal strips 133 has

a partially elliptical ribbon structure bent toward the feed




US 10,866,564 B2

3

antenna 11. Each of the metal strips 133 has an inner side
133a toward the feed antenna 11 and an outer side 1335
away Irom the feed antenna 11. The metal strips 133
includes a first metal strip, a second metal strip, . . . an 1-th
metal strip, . . ., and an Nth metal strip spaced from the feed
antenna 11 from nearest to farthest, wherein 1=<1<N, and N
1s a natural number greater than 15. Each of the metal strips
133 1s symmetrical about an axis D. The axes D of all the
metal strips 133 are overlapped with a diagonal line J of the
holographic structure 13. An mner radius D1 (see FIG. 3B)
of the 1-th metal strip at the mner side 133a 1s 0.66xAx(2x
1—1), and an outer radius D2 (see FIG. 3B) of the 1-th metal
strip at the outer side 1335 1s 0.66xAx2x1, wherein A 1s a
free-space wavelength. For example, the first metal strip has
an inner radius D1 of 0.66xA and an outer radius D2 of
1.32xA.. The 1mnner radius D1 of the 1-th metal strip 1s equal
to half of the longest axis of an ellipse overlapping the inner
side 133a of the 1-th metal strip, and the outer radius D2 1s
equal to half of the longest axis of an ellipse overlapping the
outer side 1335 of the 1-th metal strip.

Each of the metal strips 133 includes a plurality of metal
patches 135. The metal patches 1335 are sheets of square
shape having a side length of 0.01A. The metal patches 135
are spliced or overlapped to form the metal strip 133.

Referring to FIG. 2, the feed antenna 11 1s a pyramid horn
antenna 111. The pyramid horn antenna 111 includes a
waveguide 113 of rectangular shape and four inclined trap-
ezo1d side surfaces 113 connected to the waveguide 113. The
side surfaces 1135 are connected in order to surround the
waveguide 113 and form a horn termination surface 117 at
an end away from the rectangular waveguide 113.

The waveguide 113 has a length a between 1.0 cm and 1.4
cm, a width b between 0.5 cm and 0.7 cm, and a height R1
between 1.6 cm and 1.8 cm. The horn termination surface
117 has a length ¢ between 4.2 cm and 4.4 cm, and a width
d between 1.6 cm and 1.8 cm. A distance R2 between the
waveguide 113 and the horn termination surface 117 1s
between 3.2 cm and 3.6 cm. A center axis X of the pyramid
horn antenna 111 coincides with the apex 131a of the
substrate 131.

Referring to FIG. 3A, A base board 10 leading to from the
substrate 131 includes a rectangular parallelepiped casing
107 and a filling medium 109 infilled 1n the casing 107. The
filling medium 109 1s a ceramic-filled polytetratluoroethyl-
ene material. The base board 10 has a length L1 between 9.2
cm and 9.4 cm, a width .2 between 9.2 cm and 9.4 cm, and
a thickness L3 of 0.635 cm.

Referring to FIG. 3A to FIG. 3F, a method for fabricating
the holographic antenna 100 as described above includes the
following steps.

In step S1, referring to FIG. 3A, a base board 10 1s
provided. The base board 10 includes a rectangular paral-
lelepiped casing 107 and a filling medium 109 infilled 1n the
casing 107. The filling medmum 109 1s a ceramic-filled
polytetrafluoroethylene material. The base board 10 has a
length L1 between 9.2 cm and 9.4 cm, a width L2 between
9.2 cm and 9.4 cm, and a thickness [.3 of 0.635 cm.

In step S2, referring to FIG. 3B, N (N being a natural
number greater than 30) elliptical strip patterns 132 are
drawn on the base board 10. The N elliptical strip patterns
132 have negative semi-axes overlapped with each other and
a same left focal point F. The N elliptical strip patterns 132
constitute an elliptical strip group 134.

In step S3, referring to FIG. 3C, the base board 10 1s cut
to produce a substrate 131. An apex 131q of the substrate
131 1s located on the left focal point F, an angle of the
substrate 131 corresponding to the apex 131a 1s 90°, and a
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side length I.4 of the substrate 131 1s between 9.2 cm and 9.4
cm. A diagonal line I of the substrate 131 overlaps with the
long axes of the N elliptical strip patterns 132. As a result,
a surface of the substrate 131 has part of each of the elliptical
strip patterns 132.

In step S4, referring to FIG. 3D and FIG. 4, a plurality of
square metal patches 135 are spliced together and attached
to the substrate 131 where part of an elliptical strip pattern
132 1s located to form a single-layer metal strip 136 on the
part of the elliptical strip pattern 132. The single-layer metal
strip 136 has a shape coinciding with a shape of the part of
the elliptical strip pattern 132. Step S4 1s repeated until all
of the parts of the elliptical strip patterns on the substrate 131
are overlapped with a single-layer metal strip 136.

In step S5, referring to FIG. 3E, a feed antenna 11 1s

mounted at the apex 131a of the substrate 131 and a
microwave camera 15 1s mounted near the feed antenna 11.
A center axis X of four inclined trapezoid side surfaces 115
of the feed antenna 11 coincides with the apex 131a of the
substrate 131. The microwave camera 15 records interfer-
ence intensity and imformation as to position.
In step S6, the feed antenna 11 1s activated, and waves
radiated from the feed antenna 11 interfere with waves
radiated from a target antenna (not shown) on the surface of
the substrate 131. Interference intensities at different posi-
tions of the surface of the substrate 131 are recorded by the
microwave camera 15 and the interference intensities are
calculated and converted into grayscale values of 0-255 by
a computer device 16. Height values corresponding to
different portions of each of the metal strips 133 are calcu-
lated according to the grayscale values by the computer
device 16. Then the microwave camera 15 1s removed.

In step S7, referring to FIG. 3F and FIG. 5, a plurality of
square metal patches 135 are laminated on the single-layer
metal strips 136 according to the height values to produce
the metal strips 133, so that all portions of each metal strip
133 has height corresponding to the height values.

In the embodiment, the base board 10 has the length
L1>50xA and the width L2>40xA.

In the embodiment, the elliptical strip group 134 includes
a first elliptical strip pattern, a second elliptical strip pattern,
a third elliptical strip pattern, . . . , an 1-th elliptical strip
pattern, . . ., and an N-th elliptical strip pattern located from
nearest to farthest from the feed antenna 11. An 1nner radius
of the 1-th elliptical strip pattern 1s equal to 0.66x(2x1-1)xA,
and the outer radius 1s equal to 0.66x2xi1xA, wherein A 1s a
free-space wavelength.

In the embodiment, each of the metal strips 133 has a
triangular cross section such that a cross section of the
holographic structure 13 1s close to a sine wave function
structure of the actual interference field.

In the embodiment, each of the metal patches 135 15 a
copper sheet. The splicing of the metal patches 135 1is
achieved by soldering, and the laminating of the metal
patches 135 1s achieved by bonding or other adhesion.

The holographic structure of the present disclosure 1s
improved from the conventional structure similar to the
square wave, to be a sine wave function type structure closer
to the actual mterference field. Digital imaging processing
technology 1s utilized, improving the signal quality of holo-
graphic antennas and expanding the application of holo-
graphic antennas in the future 5G communication standard.

The embodiments shown and described above are only
examples. Even though numerous characteristics and advan-
tages of the present technology have been set forth in the
foregoing description, together with details of the structure
and function of the present disclosure, the disclosure 1is
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illustrative only, and changes can be made in the detail,
including 1n matters of shape, size, and arrangement of the
parts within the principles of the present disclosure, up to
and including the full extent established by the broad general
meaning of the terms used 1n the claims.

What 1s claimed 1s:

1. A holographic antenna for recording an interierence
pattern and reconstructing waveform of a target antenna,
comprising a feed antenna and a holographic structure, the
holographic structure comprising a substrate and a plurality
of spaced metal strips disposed on the substrate, wherein
heights of portions of each of the metal strips are negatively
correlated with interference intensities of the interference
pattern, portions of each of the metal strips having a height
H1 are located on the substrate corresponding to a minimum
intensity value T1 of the interference pattern and portions of
cach of the metal strips having a height H2 are located on the
substrate corresponding to a maximum intensity value T2 of
the mterference pattern, remaining portions of each of the
metal strips having heights H less than H1 but larger than H2
are located on the substrate corresponding to the intensity
values T of the interference pattern larger than T1 but less
than T2, the interference intensity values T, T1, and T2 and
heights H, H1, and H2 of each of the metal strips satisty the
functions: 0=H2=<H=H1; and H=Tx(T2-T1)/(H1-H2).

2. The holographic antenna according to claim 1, wherein
cach of the metal strips has a partially elliptical ribbon
structure bent toward the feed antenna, each of the metal
strips has an 1nner side toward the feed antenna and an outer
side away from the feed antenna, the number of the metal
strips 15 greater than 15 and the metal strips are arranged 1n
a radial shape toward the feed antenna, an inner radius of an
1-th metal strip of the metal strips 1s 0.66xAx(2x1-1) and an
outer radius of the 1-th metal strip 15 0.66xAx2x1, wherein
1=1=13, and A 15 a free space wavelength.

3. The holographic antenna according to claim 2, wherein
cach of the metal strips comprises a plurality of metal
patches, the metal patches are sheets of square shape having,
a side length of 0.01A, the metal patches are spliced or
overlapped to each other to form the metal strips.

4. The holographic antenna according to claim 1, wherein
the feed antenna 1s a pyramid horn antenna comprising a
waveguide of rectangular shape and four inclined trapezoid
side surfaces connected to the waveguide, the side surfaces
are connected 1n order to surround the waveguide and form
a horn termination surface at an end away from the wave-
guide.

5. The holographic antenna according to claim 4, wherein
the waveguide has a length between 1.0 cm and 1.4 cm, a
width between 0.5 cm and 0.7 cm, and a height between 1.6
cm and 1.8 cm, the horn termination surface has a length
between 4.2 cm and 4.4 cm, and a width between 1.6 cm and
1.8 cm, a distance between the waveguide and the horn
termination surface 1s between 3.2 cm and 3.6 cm, a center
axis of the pyramid hom antenna coincides with an apex of
the substrate.

6. The holographic antenna according to claim 1, wherein
the substrate comprises a parallelepiped casing and a filling
medium 1infilled 1n the casing, the filling medium 1s a
ceramic-filled polytetrafluoroethylene material.

7. A method for fabricating a holographic antenna of
claim 1, comprising the steps of:

S1: providing a base board, the base board having a length

of L1, a width of L2, and a height of L3;

S2: drawing N elliptical strip patterns on the base board,

the N elliptical strip patterns having negative semi-axes
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overlapped with each other and a same left focal point,
the N elliptical strip patterns constituting an elliptical
strip group, wherein N 1s a natural number greater than
30);

S3: cutting the base board to produce the substrate,
wherein an apex of the substrate 1s located on the left
focal point of the N elliptical strip patterns, an angle of
the substrate corresponding to the apex 1s 90°, and a
side length of the substrate 1s between 9.2 cm and 9.4
cm, a diagonal line of the substrate overlaps with the
negative semi-axes of the N elliptical strip patterns,
wherein part of each of the N elliptical strip patterns 1s
on the substrate;

S4: splicing a plurality of metal patches and attaching the
metal patches to the substrate where the parts of the N
clliptical strip patterns are located to form single-layer
metal strips, wherein each of the single-layer metal
strip has a shape coinciding with a shape of the part of
a corresponding one of the elliptical strip patterns;

S5: mounting a feed antenna at the apex of the substrate
and aligning a center axis of four inclined trapezoid
side surfaces of the feed antenna with the apex of the
substrate, and mounting a microwave camera near the
feed antenna;

S6: starting the feed antenna to interfere with a target
antenna on a surface of the substrate, recording inter-
ference intensities at different positions of the substrate
by the microwave camera, converting the interference
intensities 1nto grayscale values of 0 to 255 by a
computer device, and height values corresponding to
portions of each of the metal strips are calculated
according to the grayscale values by the computer
device;

S7: laminating a plurality of metal patches on the single-
layer metal strips according to the height values to

produce the metal strips, so that the portions of each of
the metal strips have heights corresponding to the
height values.

8. The method according to claim 7, wherein the base
board comprises a rectangular parallelepiped casing and a
filling medium 1infilled 1n the casing, the filling medium 1s a
ceramic-lilled polytetrafluoroethylene matenal.

9. The method according to claim 8, wherein the base
board has the length L1>50xA and the width L2>40xA,
wherein A 1s a free space wavelength.

10. The method according to claim 9, wherein the length
[.1 of the base board 1s between 9.2 cm and 9.4 cm, the width
[.2 of the base board 1s between 9.2 cm and 9.4 cm, and a
thickness L3 of the base board 1s 0.635 cm.

11. The method according to claim 7, wherein the N
clliptical strip patterns are radially arranged toward the feed
antenna, wherein an inner radius of an 1-th elliptical strip
pattern 1s 0.66x(2x1-1)xA, and an outer radius of the 1-th
clliptical strip pattern 1s 0.66x2x1xA, wherein 1=1=<15, and A
1s a free-space wavelength.

12. The method according to claim 7, wherein the metal
patches are sheets of square shape having a side length of
0.01A, A 15 a free-space wavelength.

13. The method according to claim 12, wherein the metal
patches are copper sheets.

14. The method according to claim 13, wherein the metal
patches are spliced by soldering, and laminated by bonding
or other adhesion.
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